Abstract. The aim of the study was the evaluation of ER· and ERß expression in primary tumors and lymph node metastases of breast cancer as well as the assessment of the influence of preoperative chemotherapy on these receptors with regard to changes in morphological appearance of primary tumors and their metastases. Immunohistochemical examinations were conducted on surgically removed ductal invasive breast cancers and their lymph node metastases of 135 patients. Seventy-one patients were spared preoperative chemotherapy which was administered to other 64 patients. Primary breast cancers with preoperative chemotherapy showed lower mean percentage of cells with a positive reaction to ER· and ERß as compared to primary tumors without preoperative chemotherapy. There were positive correlations among primary tumors and lymph node metastases regardless of preoperative chemotherapy applied. On the other hand, ER· and ERß expressions were negatively correlated in primary tumors without chemotherapy in contrast to primary tumors after chemotherapy. Furthermore, it was observed that preoperative chemotherapy was responsible for significantly less damage to lymph node metastases of breast cancer in comparison to primary tumors. In cases of such advanced damage of primary tumors that made determination of estrogen receptor expression impossible, their evaluation was performed on metastases to regional lymph nodes. Although preoperative chemotherapy did not severely impair estrogen receptor expression, presented changes of their distribution are a sufficient reason for simultaneous labeling of estrogen receptors in both primary tumors and metastases due to various sensitivity to chemotherapy of primary cancers in comparison with involved lymph nodes.
Introduction
The relationship between estrogens and breast cancer was discovered >100 years ago when premenopausal bilateral ovariectomy induced remission of breast cancer (1) . Estrogens play a key role in the development of breast cancer by stimulating, both in vivo and in vitro, neoplastic cell proliferation. Two estrogen receptors have been identified: alpha (ER·) and beta (ERß). Each gene of both receptors are composed of eight exons and are situated at separate chromosomes, ER· at the long arm of chromosome 6 while ERß at the long arm of chromosome 14 (2, 3) . The breast gland, uterus, bones, the cardio-vascular system, brain, and the urinary-reproductive system are the main targets of estrogen activity in the organism. ERß is the most predominant receptor in a certain region of the brain and in the cardiovascular system.
It is widely accepted that ER· is a favorable prognostic factor in breast cancer. However, the importance of ERß receptor in breast cancer has not yet been fully explained. There was a relationship between ERß expression and unfavorable prognostic factors including an increased expression of proliferation markers of Ki-67 and cyclin A (4, 5) . An increased expression of mRNA ERß was also observed in breast cancer resistant to tamoxifen (6) . However, in another study, ERß expression was related to favorable prognostic factors (7) . Namely, ERß expression correlated with lack of lymph node metastases, higher stage of histological differentiation and longer survival time of patients (7, 8) . Paruthiyil et al (9) showed that ER· intensified breast cancer cell proliferation while ERß inhibited it. ERß abolished the c-myc gene, cyclin D1 and cyclin A transcription, and intensified p21
Cip1 and p27 Kip1 expression, which led to cell cycle arrest in G2 phase. ERß and ER· fused to constitute heterodimers, which could lead to inhibition of ER· binding activity. ER· reacts with regions of responses to estrogens (ERE) localized in the range of various gene promoters, including those responsible for growth and proliferation. Therefore, ERß can inhibit neoplastic tumor proliferation and growth. Various isoforms of estrogen receptors have been described. ERßcx, which lacks ligand binding domain in C-terminal region, is one of such isoforms (10) . Moreover, ERßcx is able to inhibit function of ER· receptor by hetero-dimerization (11, 12) . It was shown that there was far more ERßcx than the wild-type of ERß receptor in breast cancer (13) . It was also suggested that ERßcx expression could be associated with tamoxifen resistance (14) .
Preoperative chemotherapy (with or without hormonal therapy) is an integral part of management of patients with advanced breast cancer. Biological evaluation of parameters is usually performed in sections of primary tumor during routine histopathological diagnostics. It is assumed that the effect of chemo-or hormonal therapies on lymph node metastases should be similar to that on primary tumor. However, our and other studies showed differences of responses to systemic therapy between primary tumors and lymph node metastases. Dissimilarities can result from the heterogeneity of the expression of various biological factors between the cells of primary tumors and cancer cells in metastasis foci (15) (16) (17) . The determination of cancer size or histological malignancy grade is in most cases almost impossible due to post-chemotherapy changes. The evaluation of estrogen receptor expression, which is routinely carried out before introduction of hormonal therapy, is also difficult.
The aim of the study was to evaluate ER· and ERß expression in primary breast cancer and its lymph node metastases. We also assessed the influence of preoperative chemotherapy on these receptors with regard to changes in morphological appearance of primary tumors and their metastases.
Patients and methods
Patients. The examinations were conducted in the group of 135 patients, aged 30-82 years (mean age 54.4). Preoperative chemotherapy was administered to 64 women while 71 of the patients underwent surgical operation without initial chemotherapy. The analysis was performed only in the cases of invasive ductal breast cancer in stages pT1 and pT2 as well as histological differentiation grades G2 and G3. Before the operation on patients with chemotherapy, Ansfield program (cyclophosphamide, prednisone, 5-fluorouracil, metotrexate, and vincristine) or CMF program (cyclophosphamide, metotrexate, 5-fluorouracil) were routinely applied as the algorithms of the first choice and FAC program (5-fluorouracil, doxorubicin, cyclophosphamide) as the alternative of the second choice. The effectiveness of preoperative chemotherapy on neoplastic process was not evaluated, thus, the subgroups of different types of treatment were not separated.
In 19 cases of patients who underwent chemotherapy ( Fig. 1) , we failed to visualize receptors due to severe damage to primary tumor cells. Therefore, further analyses, including statistical evaluation, were performed in the group of 45 women with invasive ductal breast cancer, in which immunohistochemical evaluation of examined markers was possible despite preoperative chemotherapy ( Figs. 1 and 2 ).
In the group of cancers without preoperative chemotherapy (n=71), the presence of regional lymph node metastases was diagnosed in 35 cases (49.3%) (Fig. 2) . Statistical analysis of cancers after preoperative chemotherapy (n=45) revealed regional lymph node metastases in 30 patients (66.7%).
Methods. For immunohistochemical studies we selected two representative sections from each case of primary tumors and 1-4 involved lymph nodes with the largest metastatic foci. The quantity of chosen nodes depended on the number of nodes involved in each case. ER· was detected with a mouse monoclonal antibody (Ab) F-10 (Santa Cruz Biotechnology, USA) at dilution of 1:200. F-10 Ab recognizes epitope in the carboxy terminus of human ER· and does not cross-react with human ERß. ERß was detected with a rabbit polyclonal Ab H-150 (Santa Cruz Biotechnology) at dilution of 1:200. H-150 Ab recognizes amino acids 1-150 in the amino terminus of human ERß. Archival ER-positive tissue specimens of breast cancer were used to select the optimal primary antibody dilutions. Estrogen receptor · and ß expressions were assessed as described previously (15, 16) . The specificity of used anti-ERß antibodies were examined. Previously we suggested that this antibody probably recognized the ERßcx variant (15) . Two independent pathologists evaluated immunostainings of studied proteins in 10 different tumor fields and the mean percentage of tumor cells with positive staining was scored. Negative controls were specimens that underwent the immunohistochemical procedure with omission of primary antibodies.
Statistical analysis.
Spearman test was used to analyze the correlations between ER· and ERß. The differences in estrogen receptor expressions in patients with and without preoperative chemotherapy were evaluated using Mann-Whitney U test. Statistical significance was assumed at p<0.05. 
Results
The evaluation of ER· expression in primary tumor and lymph node metastases of breast cancer without preoperative chemotherapy. A positive nuclear immunohistochemical reaction ( Fig. 3a and b) to ER· was noted in 70.4% of primary tumor cases and 62.9% of regional lymph node metastases. In the negative controls with omission of primary antibodies, the specific reaction did not appear. Moreover, a weak cytoplasmatic anti-ER· reaction, absent in the negative controls, was sporadically observed in some neoplastic cells in primary tumors and lymph node metastases.
The evaluation of ER· expression in primary tumor and lymph node metastases of breast cancer after preoperative chemotherapy. Numerous morphological changes concerning the stroma and neoplastic cells occurred in sections of breast cancer after preoperative chemotherapy. The vacuolization of cytoplasm, hyperchromasia of nuclei, irregularity of nucleus membrane as well as fibrosis and stroma hyalinization were found. In 19 cases, which were not further analyzed statistically, only single neoplastic cells or their small clusters could be seen. However, neoplastic cell damage in lymph node metastases was slight in comparison with the primary tumors. The cytoplasm was vacuolized only to a small extent and some cases presented relatively intense fibrosis around the cancer fields. As the evaluation of ER· expression in 19 primary tumors was not possible, we decided to assess ER· expression in their metastases to lymph nodes. This occurred in 12 of 19 patients. We managed to visualize ER· in 8 cases of lymph metastases.
In the examined cases after preoperative chemotherapy, the immunoreactivity to ER· was observed in 60% of primary tumors and 66.7% of lymph node metastases of breast cancer, which were analyzed statistically. There was no significant differences in the localization of reaction as compared to primary tumors and metastases from patients without preoperative chemotherapy ( Fig. 3c and d) . The negative controls did not show any specific reaction.
The evaluation of ERß expression in primary tumor and lymph node metastases of breast cancer without preoperative chemotherapy. Immunohistochemical reaction to ERß receptor was limited to neoplastic cell cytoplasm. Perinuclear reaction was observed in some cases ( Fig. 3e and f) . In the negative controls with omission of primary antibody, there was no positive reaction to ERß. The expression of ERß receptor was observed in 85.9% of primary tumors and 83% of lymph node metastases.
The evaluation of ERß expression in primary tumor and lymph node metastases of breast cancer after preoperative chemotherapy. The cytoplasmatic localization of immunohistochemical reaction to ERß was observed in cases after chemotherapy ( Fig. 3g and h ). The positive reaction was accomplished in 77.8% of primary tumors and 80% of lymph node metastases.
The analysis of ER· and ERß relationships in breast cancer without preoperative chemotherapy. There was a positive correlation of ER· -ER· and ERß -ERß expression in primary tumors and lymph node metastases (p<0.0001, r=0.751; p<0.03, r=0.391, respectively) (Table I) . However, the correlation between ER· and ERß expression in primary tumor and lymph node metastases was not observed (Table I) (Table III) . We did not find a correlation between ER· and ERß expression in metastases (Table IV) .
The analysis of ER· and ERß relationships in breast cancer after preoperative chemotherapy. Similarly to the cases of cancer without preoperative chemotherapy, the positive correlations between ER· and ER· or ERß and ERß expressions were presented in primary tumors and lymph node metastases (p<0.0001, r=0.722; p<0.02, r=0.458, respectively) (Table II) . We did not observe statistically significant relationships of ER· and ERß in primary tumors and lymph node metastases nor in primary tumors and metastases (Tables II-IV) .
The comparison of ER· and ERß expression in breast cancers
without and with preoperative chemotherapy. In order to Table I . Correlations between ER· and ERß in primary tumors without preoperative chemotherapy and nodal metastases.
-------------------------------------------------Compared markers ------------------------------Primary tumors
Lymph node n=35 metastases, n=35 p r - ----------------------------------------------- 
.391 -------------------------------------------------
Bold, statistically significant; N.S., not significant. Table II . Correlations between ER· and ERß in primary tumors with preoperative chemotherapy and nodal metastases.
-------------------------------------------------

-------------------------------------------------Compared markers post-chemotherapy -------------------------------Primary tumors
Lymph node n=30 metastases, n=30 p r - ----------------------------------------------- 
.458 -------------------------------------------------
Bold, statistically significant; N.S., not significant.
-------------------------------------------------
determine a direct influence of preoperative chemotherapy on ER· and ERß expression, the mean percentage of the cells with positive immunohistochemical reaction to these proteins in primary tumors and lymph node metastases without chemotherapy and with preoperative chemotherapy was compared (Tables V and VI) . It should be stressed that the results concerned only the cases of cancer, which were influenced by chemotherapy, but the evaluation of analyzed markers was possible. Primary tumors after preoperative chemotherapy showed lower mean percentage of cells with positive reaction to ER· and ERß in comparison to primary tumors without preoperative chemotherapy. However, the influence was not statistically significant (Table V) . Lymph node metastases, on the other hand, presented similar mean percentage of cells with positive reaction to ER· and ERß in both groups, with or without preoperative chemotherapy (Table VI) . Table III . Correlations between ER· and ERß in all primary tumors (PTs) [N(+) and N(-)], in node negative and node positive breast primary cancers in cases with or without preoperative chemotherapy. Table IV . Correlation between ER· and ERß in lymph node metastases (LNM) of breast cancer in cases of applied or absent preoperative chemotherapy.
-----------------------------------------------------------------------------------------------------Compared markers p r -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------N(+), n=30 ER· ERß N.S. 0.038 ----------------------------------------------------------------------------------------------------- N.S., not significant. -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------Compared markers p r -----------------------------------------------------------------------------------------------------LNM without chemotherapy, n=35
ER· ERß N.S.
-0.014 Table V . Comparison between ER· and ERß expressions in primary tumors (PTs) of the group that underwent preoperative chemotherapy and patients who did not receive prior chemotherapy (mean percentage of ER-positive cells ± SD).
45.9 ± 33.3 33.9 ± 33.4 N.S. ERß 50.0 ± 28.6 44.2 ± 28.4 N.S. Table VI . Comparison between ER· and ERß expressions in lymph node metastases (LNM) of the group that underwent preoperative chemotherapy and patients who did not receive prior chemotherapy (mean percentage of ER-positive cells ± SD).
41.6 ± 34.7 44.5 ± 35.8 N.S. ERß 52.7 ± 31.7 53.7 ± 30.3 N.S.
Discussion
Sections of breast cancer for immunohistochemical examination, including estrogen receptor occurrence, are usually collected from primary tumors. There are only some studies concerning the comparison of biological factor expression between primary tumors and regional lymph node metastases (15, 16, (18) (19) (20) (21) . Women with locally advanced breast cancer undergo cytotoxic neoadjuvant therapy, which can cause marked histological changes in neoplastic tissues and thus makes it impossible to evaluate the status of estrogen receptor in primary tumor (22) . In our study, 19 cases of breast cancer could not be evaluated for estrogen receptor expression in primary tumors, due to severity of cell damage from preoperative chemotherapy. On the basis of the results concerning the positive correlation between ER expression in primary tumors and lymph node metastases, we suggest that metastatic sections can be used as the material for the evaluation of estrogen receptors as prognostic markers in breast cancers. The utility of nodal samples was confirmed in the evaluation of ER· expressions, which were observed in 12 cases of lymph node metastases after preoperative chemotherapy. These metastases derived from the group of 19 patients who underwent chemotherapy and the evaluation of estrogen receptors was not possible due to primary tumor damage. Otherwise the results of such an evaluation in the primary tumor would not be credible. All 12 cases presented only slight morphological changes in metastases and 8 metastases were ER· positive with typical nuclear localization of the reaction.
Preoperative chemotherapy is responsible for primary tumor reduction and enables surgical operation. However, its influence on estrogen receptor expression is relatively unknown. The evaluation of estrogen and progesterone receptor expression is a recognized management in breast cancer diagnostics and is treated as a predictive factor of the response to hormonal adjuvant therapy (23) . Therefore, the knowledge of estrogen receptor status is essential in order to introduce adjuvant therapy with tamoxifen and aromatase inhibitors. However, our and other studies suggest that a possible influence of preoperative chemotherapy on ER expression should also be taken into account. Lee et al (24) showed that estrogen or progesterone receptor expression changes occurred in 61% of breast cancers after preoperative chemotherapy and in 5% of tumors the changes were so significant that ER-positive or ER-negative tumors after chemotherapy became ER-negative or ER-positive, respectively. The changes were not associated with the type of preoperative chemotherapy used. However, as our results point out, the evaluation of estrogen receptor expression in primary tumors after preoperative chemotherapy is not always possible while the evaluation of estrogen receptor expression in metastatic foci is possible and seems to be useful.
Breast cancer is a heterogeneous disease, in which various cellular clones are present in primary tumors, which have implications in cancer biology. The presence of estrogen receptors also has an impact on the behavior and development of breast cancer. It has not been determined whether estrogen receptor status has a role as a predictive factor of the response to chemotherapy. Lippman and Allegra (25) showed that patients with ER-negative tumors had a stronger response to chemotherapy as compared to those with ER-positive tumors. Taucher et al (26) suggested that preoperative chemotherapy could kill mainly ER-negative neoplastic cells. They also noted that the amount of ER-negative primary tumors increased significantly in patients with preoperative chemotherapy. Others (27) (28) (29) did not show any influence of preoperative chemotherapy on the expression of estrogen receptors.
Robertson (30) suggested that estrogen receptor expression is a stable phenotype of breast cancer. However, despite ER expression in neoplastic cells, the percentage of ER-positive (ER-negative) neoplastic cells can change in the course of the disease depending on the interaction between the host and the neoplasm. Jain et al (31) assessed estrogen receptor expression before chemotherapy and after the surgical operation in the same group of patients. They showed that in 17% of patients, ER expression after preoperative chemotherapy changed significantly and that the status of estrogen receptors was not a predictive factor of the response to chemotherapy. Unfortunately, we did not have the opportunity to compare the expression of estrogen receptors (and other markers) before and after chemotherapy in the same group of patients. We could only compare the expression in the groups of patients without and with preoperative chemotherapy. The results showed that ER expression in breast cancer, and particularly in primary tumors, is not a completely stable phenotype of neoplastic cells. It seems that the phenotype can, to a certain extent, be changed under the influence of administered preoperative chemotherapy. The assumption is supported by Morris et al (32) who reported certain cases of breast cancer, which completely lost or acquired ER-positivity as a consequence of preoperative chemotherapy.
Thus, if hormonal therapy is not planned before surgical operation, the evaluation of ER in primary tumors should be performed after the operation. Based on our findings it is useful and even indispensable to assess ER expressions in lymph node metastases of breast cancer, since in primary tumors evaluation of ER status can be hindered due to chemotherapy-induced cell loss and thus might not be representative of the hormonal sensitivity of total cancer tissue including metastases. This was seen in our previous studies, in which we examined the status of ER· and ERß in matched paired cases of primary tumors and lymph node metastases of breast cancer. We showed that a significant group of ER·-or ERß-positive primary tumors developed metastases with decreased (or absent) expression. On the other hand, we found ERs positive lymph node metastases, despite negative expression in primary tumors (15) . This variation of ER status calls for its evaluation in lymph node metastases in each case of ductal breast cancer particularly when preoperative chemotherapy is involved.
